ABSTRACT: Active Power Filter (APF) is one of the effective means for harmonic current compensation in power grid. This paper focuses theoretical topics on a three-phase four-wire Shunt Active Power Filter (SAPF) system, covers operation principle, harmonic current detection, structure of main circuit, control of the DC voltage and compensating current. The overall system has been modeled using MATLAB/Simulink, and simulation results have shown that the structure is reasonable. Besides, the SAPF control system's hardware is realized based on DSP and MCU.
I INTRODUCTION II SAPF THEORY ANALYSES
With the development of power electronics technology, a sharply increasing number of power electronics equipments have been widely used nowadays. Although these power electronic equipments make our life convenient, they inject much harmonic current to the power grid for their nonlinear characteristics. Active A. SAPF system structure and work principle
The structure of SAPF system is shown in Fig. 1 and can be divided into four parts: optimal reference compensation current calculator, compensation current control, gate driver and main circuit. . (1) IL If + h Where is is power grid current; current iL is load current; if is fundamental current. ih is the harmonic current in iL, current ic is the compensating current generated by APF.
From equation (1) when the APF compensating current ic= ih, we get that is= if, hence the harmonic current which is generated by nonlinear load can completely be eliminated by the APF system. B. The main circuit structure of three-phase four-wire SAPF The difference between the three-phase three-wire SAPF and the three-phase four-wire SAPF is that there's zero-sequence current on the neutral line of three-phase four-wire SAPF. According to the different zero-sequence current compensating method there are two main current topologies three-leg voltage source inverter (VSI) topology [2] and four-leg VSI topology. [3] In order to reduce the cost of SAPF, the paper uses the three-leg VSI main current topology, for it needs fewer electronic elements.
The three-leg VSI main current topology studied in this paper is given in Fig.2 . The DC bus uses two capacitors common to all three phases, with the center-tap connected to the line neutral. The AC side of the converter is connected to the main via by a synchronous link reactor L which is shown in Fig.2 . Fig.2 , the functions of the four parts in three-phase four-wire SAPF system are covered as following: 1) The function of optimal reference compensation current calculator is to sample the three-phase currents, which contain harmonic current, from the load side in the above system; separate zero-sequence current from three-phase currents which have been sampled. Based on the instantaneous reactive power theory [4, 5] and after a series of calculations, the optimal compensation current would be got.
2) The function of compensation current control is to make sure that the actual compensation currents iCa, iCb, iC, follow the optimal compensation currents iCa*,iCb*,iCC*. It generates the IGBT control signal based on the value of Aic, (Aic,= ic1 -ic,; i=a, b, c)
3) The function of gate driver is to drive the IGBT turn on or turn off according to the IGBT control signals. It is made up of IGBT drive modules and their protective circuit. 4) Main circuit contains IGBT modules, in series capacitances, filter circuit etc. Its main function is to realize the harmonic current compensation.
C. The method of harmonic current detecting
The method of harmonic current detecting is based on the instantaneous reactive power theory. Fist, separate the zero-sequence current from three-phase currents which have been sampled, and then in order to get the optimal compensation current, a series of calculation would be carried out based on the ip--iq detecting method. [6] The principle of harmonic current detecting method is shown in Fig.3 . fig.3 iLa, iLb, iLc are the load side currents which contain harmonic current. First, break the zero-sequence current away.
The three-phase currents iLa, iLb', zero-sequence current can be gotten.
In fig.3 iaf, ibf, icf. The optimal compensation currents ica, icb*, icc can get from equation (6) Fig.3 . AU=Ud*-Ud, AU is modulated by PI adjustor and then add up to current ip. Hence there's an additional fundamental current in the compensating current. The additional fundamental current can control the energy exchange between the power grid and SAPF system, so that the DC voltage can be maintained at a certain value.
In the balance control of Cl and C2 voltages, first detect their voltages separately, according to the difference we add zero-sequence compensating current to the optimal compensation current to balance the voltage on Cl and C2.
2) The control of the compensating current
In this system we use hysteresis comparison as the Simulation waveforms shown in fig.7 to fig.9 indicate that the three-phase four-wire SAPF can not only effectively eliminate the harmonic currents in power grid which is caused by unbalanced nonlinear load, but restrain the neutral current as well. 
